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ABSTRACT
Candesartan cilexetil (CC) is a newer class of angiotensin II receptor antagonist used for the treatment of hypertension, heart failure, myocardial
infarction and diabetic nephropathy.The solubility of the CC is very poor and its oral bioavailability is only 15%.
Objective: The aim of the present study was to increase the solubility of Candesartan cilexetil. Liquisolid and solid dispersion techniques were used
to improve the drug solubility by using non-volatile solvents and some hydrophilic carriers.
Methods: Liquisolid compacts were prepared by dissolving the drug in suitable nonvolatile solvent as PEG 400 in which carrier and
coatingmaterials play an important role in improving dissolution rate of the drug.
Results: Solid dispersion method were another attempt to improve solubility, the various carrier materials were used as PVP K 30 and PEG 6000 at
different ratios to improve drugs dissolution rate ofcandesartan cilexetil by using solvent evaporation method.
Conclusion: Candesartan cilexetil being a poorlywater soluble drug can be made to provide a better therapyif drug is released effectively and this is
achieved by formulating drug as liquisolid compact or solid dispersion tabletwhich was the rationale of the present study.Liquisolid tablet (LS-4)
prepared were found to be superior in terms of faster disintegration time, dissolution profile, acceptable tablet properties and stability.
Keywords: Candesartan cilexetil, Liquisolid, Solid dispersion, Carrier Material, Coating Material, Polyvinyl pyrrolidone, Poor Water Solubility.

INTRODUCTION
Candesartan cilexetil is a tolerated antihypertensive drug and
blood pressure lowering to goal levels is achieved in almost 40%
of patients[1].The other class of drugs used in the hypertension
produces cough, adversely affect lipid profile and rebound
hypertension after discontinuation. These adverse effects can be
overcome by using angiotensin II receptor antagonists[2].Clinical
trials indicates that candesartan cilexetilis effective and safe in the
treatment of hypertension[3].The solubility dissolution behavior
of a drug is frequently the rate-limiting step to absorption of drugs
from the gastrointestinal tract for orally administered drugs. Poor
aqueous solubility has always been a very challenging obstacle as
it is together with membrane permeability, an essential factor in
the limitation of a drug's bioavailability following oral
administration[4-5]. During the past few years many techniques
have been developed such as drug micronization,solid
dispersions[6],
coprecipitation,
lyophilization,
and
microencapsulation, use of prodrug, drug derivetization processes
and inclusion of drug solutions into soft gelatin capsules to
improve the solubility and bioavailability. Solid dispersion (SD)
technology is a well known process used to increase the
dissolution kinetics and oral absorption of poorly water soluble
drugs using water soluble inert carriers[7]. Formulation of
liquisolid compact (LS) is a novel "Powder Solution Technology"
which makes use of liquid medications admixed with suitable
carriers and coating materials and formulated into a moderately
flowing, dry looking, non adherent and compressible powder
forms have increased the drug dissolution rate profiles[8].
Theory of Liquisolid Systems
Only limited amounts of liquid can be retained by a powder while
maintaining acceptable flow and compression properties. A
mathematical approach for the formulation of liquisolid systems has
been developed by Spireas to calculate the required amounts of
powder excipients (carrier and coating materials). This approach is
based on the flowable (Ф-value) and compressible (Ψ-number)
liquid retention potential for each powder/liquid combination. The
Ф-value of a powder is defined as the maximum amount of a nonvolatile solvent that can be retained inside its bulk while maintaining
an acceptable flowability.

The flowability of powdermay be determined by measurement of
the angle of repose or angle of slide. The Ψ-number of a powder is
defined as the maximum amount of non-volatile solvent that can be
retained inside its bulk while maintaining acceptable
compactabilityresulting in compacts of sufficient hardness with no
liquid leaking out during compression.
The compactability may be determined by the maximum crushing
strength of a one-gram tablet compacted at sufficiently high
compression forces. For calculating the appropriate quantities of
carrier and coating material to be used in the liquisolid system, first,
liquid load factor (Lf) has to be determined.
Lf= Φ ±φ.(1/ R) Where; Φ and φ are the Ф-values of the carrier and
coating material, respectively.
R = Q/q R=represents the ratio between the weights of the
carrier (Q) and the coating (q) material present in the
formulation As soon as the optimum liquid load factor is
determined, the quantities of carrier (Qo) and coating (qo)
material required to convert a given amount of liquid
formulation (W) into an acceptably flowing and compressible
liquisolid system may be calculated as follows:
Qo=W/Lo and qo = Qo/R[9-10]
MATERIALS AND METHODS
Materials
Candesartan cilexetil was obtained from Micro labs, Bangalore,
India. Polyvinylpyrrolidon k-30, Aerosil 200, Crosscarmellose,
microcrystalline cellulose pH 102 (Avicel), purified talc and
magnesium stearate were obtained fromSammara Drug Industries
(SDI), Iraq. Propylene glycol, PEG 200, PEG 400 and Glycerin were
obtained from chemfine chemicals-Mumbai, India. All other reagents
used were of analytical grade.
Methodology
Solubility studies
To select the best non-volatile solvent for dissolving of candesartan
cilexetil in liquid medication, solubility studies of candesartan
cilexetil were carried outin glycerin, PG, PEG200, PEG 400 and PEG
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600. Also HCL solution (pH 1.2), buffer system (pH 6.8), HCL
solution(pH 1.2) with 0.35% polysorbate 20, and phosphate
buffersolution (pH 6.8) with 0.35% of polysorbate 20 were used to
study solubility behavior of candesartan cilexetil. Saturated
solutions were prepared by adding excess of candesartan cilexetil to
the vehicles and shaking on the shaker for 48 hr. at 37°C under
constant vibration. After this period, the solutions were filtered
through a 0.45-mm Millipore filter, diluted with methanol and
analyzed by UV-spectrophotometer at 255 nm. Three
determinations were carried out for each sample to calculate the
solubility of candesartan cilexetil [11].
Determination of Flowable Liquid Retention Potential (Ф value) and
Liquid Load Factor (Lf)
The term “Flowable Liquid Retention Potential” (Ф value) of a
powder material describes its ability to retain a specific amount of
liquid while maintaining good flow properties. The Ф value is
defined as maximum weight of liquid that can be retained per unit
weight of powder material in order to produce an acceptably flowing
liquid / powder admixture.
Ф value = weight of liquid/ weight of solid
Liquid Load Factor is used to calculate the amount of carrier and
coating materials required in the formulation.
𝐋𝐟 = 𝚽 ± 𝛗. (𝟏/ 𝐑)

Where, Φ and φ are the Ф-values of the carrier and coating material,
respectively [12].
Preparation of Liquisolid Compacts and Solid Dispersions
Preparation of Liquisolid Systems
Liquisolid (LS) formulations of candesartan cilexetil were prepared by
using non-volatile solvent (PEG 400), carrier (Avicel pH 102), coating
materials (Aerosil200), and superdisintegrant(crosscarmellose). Desired
quantities of previously weighed solid drug and the liquid vehicle were
taken in a beaker and heated to 80-90°C with constant stirring, until a
homogenous drug solution obtained. The mixing procedure then
conducted in three stages;
In the first stage, weighed quantity of carrier material (Avicel pH
102) blended with liquid medication in order to evenly distribute
the liquid medication into the powder. In the second mixing stage,
calculated quantities of coating material (Aerosil 200) were added to
the system and blended for 2 min. The liquid powder admixture then
left undisturbed for approximately 5 min to allow the drug solution
to be absorbed into the interior of the powder particles.
In the third stage, the powders blend with a calculated quantity of
superdisintegrant (5%) for another 30 sec producing the final LS
formulation. The blend then compressed into tablet, at a hardness of
5-7 kg/cm2 on single punch tablet machine, batch size of 50 tablets
were prepared each time [13].

Table 1: Formulation of Liquisolid Compacts of Candesartan Celixitel
Formulation

Concentration of

No.

Excipient ratio

Liquid load

liquid

Avicel pH

Aerosil PH

Crosscarm-

Per Tablet

candesartan in

(R)=carrirer

factor(Lf)

medication

200(gm)

200(gm)

ellose

weight

PEG 400 (%)

coating(Q/q)

(Lf=W/Q)

(W) gm

(Q=W/Lf)

(q=Q/R)

(gm)

(gm)

8

10:1

0.331

0.1

0.302

0.023

0.0229

0.4479

LSF2

8

15:1

0.222

0.1

0.449

0.0299

0.0289

0.6078

LSF3

8

20:1

0.168

0.1

0.595

0.0297

0.0388

0.7635

LSF4

8

25:1

0.135

0.1

0.738

0.0295

0.043

0.9105

LSF5

16

10:1

0.331

0.05

0.151

0.0151

0.0116

0.2277

LSF6

16

15:1

0.222

0.05

0.225

0.0149

0.0144

0.3043

LSF7

16

20:1

0.168

0.05

0.297

0.0148

0.0194

0.3812

LSF8

16

25:1

0.135

0.05

0.369

0.0147

0.0217

0.4554

LSF9

24

10:1

0.331

0.033

0.101

0.0101

0.0072

0.1513

LSF10

24

15:1

0.222

0.033

0.15

0.01

0.0096

0.2026

LSF11

24

20:1

0.168

0.033

0.198

0.0099

0.012

0.2529

LSF12

24

25:1

0.135

0.033

0.246

0.0098

0.0145

0.3033

𝑳𝑺𝑭𝟏

Preparation of Solid Dispersion and Physical Mixture Preparation of Solid Dispersion
The solid dispersions of candesartan cilexetil and carriers (PVP
K-30 and PEG 6000) in various drug-to-carrier weight ratios
(1:1, 1:3, 1:5, 1:7and 1:9) were prepared by solvent evaporation
method. The desired quantity of CC was dissolved in 20 ml of
methanol in a beaker then the carrier was added and mixed to
dissolve at 40°C on a hot plate to get a clear solution. Then the
solvent was allowed to evaporate in hot air oven at 40oC ± 5°C.
The process of evaporation was continued until the constant
weight was obtained.The prepared samples were crushed,
pulverized and sifted through mesh number 80 and stored in
desiccators[13].

To evaluate the increase in solubility of Candesartan cilexetil
(pure drug), physical mixture and solid dispersions, saturation
solubility measurements were conducted. The excess of CC,
physical mixture and solid dispersionwere added to 100 ml of
phosphate buffer (pH 6.8).The Samples were shaken on the
shaker for 48 hour at 37° C under constant vibration. The
samples were then filtered, suitably diluted, and analyzed by UV
spectrophotometer at 255 nm [15].

Preparation of Physical Mixture
Accurately weighed amount of candesartan cilexetil and carriers
(PVP K-30 and PEG 6000) in various drug-to-carrier weight
ratios (1:1, 1:3, 1:5, 1:7 and 1:9) were thoroughly blended in
glass mortar for 5 min. The products were kept in desiccator for
further study [14].

The powder equivalent to 8mg of CC was weighed and dissolved in
10mL of methanol and volume was adjusted to 100 mL with pH 6.8
buffer. The solution was then filtered and from this solution 1 mL was
taken and makes up with buffer solution (pH 6.8) in 100 mL standard
volumetric flask. The amount of drug present in each formula was
determined
spectrophotometricallyat
255nm
using
UV–
spectrophotometer [16].

Saturation Solubility of Candesartan Cilexetil Solid Dispersions
and Physical Mixtures

Precompression Studies of the Prepared Liquisolid Systems and
Solid Dispersion Powder (SDPVP-4)

Content Uniformity of Solid Dispersions and Physical
Mixtures
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Prior to the compression of the formulations into tablets, in order to
ensure the suitability of the selected excipients, various studies were
performed including Fourier transform infrared spectroscopy (FT-IR),

differential scanning calorimeter, and X-ray diffractometery. In addition
to select the optimal formula for compression, flowability studies were
also carried out

Table 2: Formulas of Solid Dispersion and Physical Mixtures of Candesartan Cilexetile with Different Carriers (PVP K- 30 and PEG-6000).
Solid dispersion
SDPVP-1
SDPVP-2
SDPVP-3
SDPVP-4
SDPVP-5
SDPEG-1
SDPEG-2
SDPEG-3
SDPEG-4
SDPEG-5

Physical mixture
PMPVP-1
PMPVP-2
PMPVP-3
PMPVP-4
PMPVP-5
PMPEG-1
PMPEG-2
PMPEG-3
PMPEG-4
PMPEG-5

Ratio of(D:C)
1:1
1:3
1:5
1:7
1:9
1:1
1:3
1:5
1:7
1:9

Evaluation of Solid Dispersions Powder and Physical Mixtures Powder.

Fourier Transform Infrared Spectroscopy (FT-IR)
FT-IR was obtained after making potassium bromide discs in the
range of 4000 cm -1 to 500 cm -1 to detect drug–excipients
interaction. FT-IR was performed for the pure drug (CC), liquisolid
physical mixture and solid dispersion physical mixture.
Differential scanning calorimetry (DSC)
DSC was performed in order to assess the thermotropic properties
and thermal behaviour of the drug (CC), the liquisolid compacts
system, solid dispersion system, liquisolid physical mixture and solid
dispersion physical mixture. About 5 mg of the sample were sealed
in the aluminium pans and heated at the rate of 10°C/min, covering
a temperature range of 40°C to 300°C [18].
X-ray Diffractometery (XRD)
It has been shown that polymorphic changes of the drug are
important factors, which may affect the drug dissolution rate and
bioavailability. It is therefore important to study the polymorphic
changes of the drug. X-ray powder diffraction measurements were
carried out on samples using a diffractometer. The results were
recorded over a range of 0–50° (2θ) using the Cu-target X-ray tube
and Xe-filled detector. The operating conditions were: voltage 40 kV;
current 30 mA; scanning speed 1/min. For characterization of
crystalline state, XRD patterns for CC,the liquisolid compacts system,

solid dispersion system, liquisolid physical mixture and solid
dispersion physical mixture were studied [19].
Preparation of Candesartan Cilexetil Conventional Tablets and Solid
Dispersion Tablets by Direct Compression Method;
Candesartan cilexitel conventional tablets were prepared by mixing
the drug with Avicel PH 102 and poly vinylpyrollidone (PVP) for a
period of 10 min. The mixture was mixed with croscarmellose
sodium (as disintegrating agent) for 10 min. Thentalc powder and
Mg. stearate were added and mixed for 5 min. The mixture was
compressed on single punch tablet machine. Sufficient compression
load was applied in order to produce tablets with the hardness of 5–
7 Kg [19]. This formulation was denoted as directly compressed
tablets (DCT) as demonstrated in table (3).
Candesartan cilexitel solid dispersion tablets were produced by
mixing the solid dispersion of CC and carrier (PVP) of the selected
formula (SDPVP-4) in a ratio of (1:7) with Avicel PH 102 for a period
of 10 min. The mixture was mixed with croscarmellose sodium (as
disintegrating agent) for 10 min then the talc and Mg.stearate add
and mixed for 5 min. The mixture was compressed on single punch
tablet machine. Sufficient compression load was applied in order to
produce tablets with the hardness of 5–7 Kg [20].This formulation
was denoted as solid dispersion tablets (SDPVP-4) as demonstrated
in table (3).

Table 3: Formulation of Solid Dispersion and Directly Compressible Tablets of Candesartan Cilexetil
Ingredients
Candesartan cilexetil
Avicel PH 102
Polyvinylpyrrolidone K-30(PVP)
Croscarmellose sodium
Talc powder
Mg stearate powder

Evaluation of Flow Properties for LS Formulations and SDPVP-4
Formula
The flowability of a powder is of critical importance in the
production of pharmaceutical dosage forms in order to get a uniform
feed as well as reproducible filling of tablet dies, otherwise, high
dose variations will occur. In order to ensure the flow properties of
the liquisolid powders and SDPVP-4 powder that will be selected to
be compressed into tablets and further evaluated, angle of repose
measurements, Carr’s index and Hausner’s ratios were adopted [20].

Weights (mg)
8 mg
122 mg
56 mg
10 mg
2 mg
2 mg

in the funnel. The height of the funnel was adjusted in such a way
the tip of the funnel just touched the apex of the powder blend.
Powder blend was allowed to flow through the funnel freely on
to the surface.
The diameter of the powder cone was measured and angle of repose
was calculated using the following equation[21].
𝐓𝐚𝐧 Ө = 𝐡 / 𝐫
Where, h and r are the height and radius of the powder cone

Determination of the Angle of Repose

Bulk Density and Tapped Density

The angle of repose of powder blend was determined by the
funnel method. The accurately weight powder blend were taken

Both bulk density and tapped density was determined. A quantity of
(2.5 gm) of powder blend from each formula, previously sieved to
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break any agglomerates formed, was introduced into 10 ml
measured cylinder.
After that the initial volume was noted and the cylinder allowed to
fall under its own weight on to hard surface from the height of 2.5
cm at a second interval. Tapping was continued until no further
change in volume was noted [22]. Bulk density and tapped density
were calculated using the following equations:

formulated into tablets and were evaluated for various quality
control parameters.The optimized LS compacts, solid dispersion
were characterized by DSC and FTIR studies. The LS compacts, solid
dispersions, DCT, physical mixtures and marketed tablets were
observed for the in vitro dissolution.
Saturation Solubility of CC in Different Nonvolatile Solvents

BD=weight of the powder blend / untapped volume of the tapping

The solubility of CC in various solvents was given in table (4). The
rank in order of increasing solubility as follows:

TD=weight of the powder blend / tapped volume of the tapping

PEG 400> PEG 200

Determination of Carr’s Compressibility Index and Hausner’s Ratio
The bulk and tapped densities were used to calculate the Carr’s
compressibility index and the Hausner ratio to provide a measure of
the flow properties and compressibility of liquisolid powders and
SDPVP-4 powder [23-24].
Hausner ratio = tapped density / bulk density
Carr’s Index = (tapped density –bulk density) x100/ tapped density
Evaluation of Candesartan CilexetilLiquisolid, SDPVP-4 and DC
Tablets
Hardness Test
The hardness of (3) tablets from each of the prepared formulas was
measured individually. An anvil driven by electric motor presses the
tablet at a horizontal position and constant load until the tablet
breaks. The hardness was measured in terms of kg [25].
Friability Test
This test was done for 20 tablets, starting by weighing them and
then operating the friabilator at 25 r.p.m. for 4 minutes, re-weighing
the tablets to determine the loss in their weight [26].
Disintegration Test
The disintegration time was determined in 0.1N HCL solution.
Disintegration apparatus with a basket rack assembly containing six
open-ended tubes and 10-mesh screen on the bottom was used. A
tablet was placed in each tube of the basket and the time for
complete disintegration of the six tablets was recorded [27].
Drug Content Estimation
An accurately weighed amount of each preparation was dissolved in
small volume of methanol and further diluted in phosphate buffer
with pH of 6.8. The content of CC was determined
spectrophotometrically
at
255
nm
using
UV‐visible
spectrophotometer [28].
In vitro Dissolution Studies of Liquisolidand SDPVP-4 Tablets
The dissolution test was used to compare between liquisolid tablets,
SDPVP-4 tablet, direct compressible tablet (DCT), and marketed CC
tablets. The USP paddle method was used for all the in vitro
dissolution studies. In this method, HCL solution (pH 6.8) with
0.35% polysorbate 20, and phosphate buffer solution (pH 6.8) with
0.35% of polysorbate 20 were used as dissolution medium. The rate
of stirring was 50 ± 2 rpm. The amount of CC was 8 mg in all
formulations. The dosage forms were placed in 900 mL of both
media and maintained at 37 ± 0.1°C.
At appropriate intervals (5, 10, 20, 30, 40, 50 and 60), 5 mL of the
samples were taken and filtered through a 0.45-mm Millipore filter.
The dissolution medium was then replaced by 5 mL of fresh
dissolution fluid to maintain a constant volume. The samples were
then analyzed at 255 nm by UV-spectrophotometer. The mean of
three determinations was used to calculate the drug release from
each of the formulations[29].
RESULTS AND DISCUSSION
In the experimental section, attempts were made to prepare LS
compacts and solid dispersions of candesartan cilexetil using
different excipient ratios. The optimized LS compacts were

< PG < Buffer medium (pH 6.8) with 0.35%
polysorbate 20 < Glycerin < HCL medium (pH 1.2)with 0.35%
polysorbate 20 < buffer system (pH 6.8) > HCL solution(pH 1.2).The
higher solubility of the drug in PEG 400 may be due to the longer
non-polar chain of PEG 400. The longer non-polar part is thought to
reflect hydrophobic interactions of the drug with the liquid vehicle
molecules [30]. The table also shows that an increase in pH resulted
in an increase in the solubility of CC; this is because CC is acidic drug.
Also this table shows that the use of polysorbate 20 as surfactant
increased the solubility of CC in both HCL and buffer media [31].
Table 4: Saturation Solubility of Candesartan Cilexetil in
Various Solvents
Solvents

HCL media pH(1.2)
Buffer media pH(6.8)
HCL media pH(1.2)contain 0.35% polysorbate
20
Buffer media pH(6.8)contain 0.35%
polysorbate 20
Glycerine
PG
PEG 200
PEG 400

Solubility
(mg/ml)
±S.D*.
0.0099±0.0006
0.029±0.004
0.093±0.008
0.416±0.012
0.174±0.031
0.463±0.064
2.8±0.13
4.23±0.11

S.D*: standard deviation from mean.n=3
Flowable Liquid Retention Potential (Ф value) and Liquid Load
Factor (Lf)
Ф value of Carrier and Coat materials in poly ethylene glycol were
cited in the literature & found to be 0.005and 3.26 respectively.
According to mathematical model proposed by Spireas et. al.
equation for Avicel PH-102 and Aerosil 200 in poly ethylene glycol
was calculated by using R values as
𝐋𝐟 = 𝟎. 𝟎𝟎𝟓 ± 𝟑. 𝟐𝟔 (𝟏/𝐑)
Liquisolid powder systems were prepared with different excipient
ratios like 10, 15,20 and 25 and powder system with best flow
properties was selected. Evaluation of Powder Blends of LS and SD
(SDPVP-4)
Angle of Repose
Flow property of the powder, and resistance offered to the
movement of particle can be judged by angle of repose. Angle of
repose provides qualitative and quantitative assessment of internal
cohesive and frictional force under low level of external load applied
during mixing and tableting.
The angle of repose (Ɵ) is a characteristic of the internal friction
or cohesion of the particles, the value of the angle of repose will
be high if the powder is cohesive and low if the powder is noncohesive. Values less than 35 indicate good flow whereas greater
than 35 indicate poor flow [20]. As presented in table (4), LS-2,
LS-3, LS-4, LS-7, LS-8, LS -12, SDPVP-4, and DCT have good
flowable properties, while other formulas having fair to passable
properties as a result of decreasing the amount of carrier
material (Avicel PH 102) and coating material (Aerosil 200) in
the formulas that resulted in decreasing in the flowability of the
final admixtures [32].
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Hausner’s Ratio

the formulas that resulted in decreasing in the flowability of the
final admixtures [33]. Saturation Solubility of CC Solid
Dispersions and Physical Mixtures

The powder blends for all formulations had Hausner’s factor values,
which were in the range of 1.106-1.323 indicating good, fair and
passable flowability. In general, Hausner ratio lower than 1.25
indicates good flowability and as the value decreases, more
improvement in flowability will obtain, Therefore; as illustratedin
table (4), LS-2, LS-3,LS-4, LS-8, SDPVP-4 and DCT were selected as
acceptably flowing while the other formulas having fair to passable
properties as a result of decreasing the amount of carrier material
(Avicel PH 102) and coating material (Aerosil 200) in the formulas
which leading toin decreasing in the flowability of the final
admixtures [33].

The saturation solubility of pure CC, various prepared CC solid
dispersions using PEG 6000 and PVP K 30, as carriers and their
respective physical mixtures in phosphate buffer, pH 6.8 was
measured. Ghosh et al. reported that the solubility of this drug is
pH dependent. Therefore, the change in pH may hamper the
results during solubility measurement from CC solid dispersion.
So, to maintain pH constant, phosphate buffer, pH 6.8 was used
[34]. All of samples tested,both physical mixture and solid
dispersions of CC showed an increase in drug solubility (table 6).
The results also indicated that all physical mixtures showed
higher saturation solubility as compared with pure CC.as well as,
CC solid dispersions showed higher saturation solubility than
their respective physical mixtures of drug and carrier. This
might be attributable to an improvement of wetting of drug
particles and localized solubilization by the hydrophilic
polymeric carriers [34]. In addition, CCsolid dispersions using
PVP K 30 showed higher saturation solubility than solid
dispersions using PEG 6000.

Carr’s Compressibility Index (Carr’s index %)
The value for carr’s index was found between 12.8-24.5%
indicating that most batches of powder blends were having good
or fair or passable compressibility. As presented in table (5), LS2, LS-3,LS-4, LS-8, SDPVP-4 and DCT were selected as acceptably
flowing while the other formulas having fair to passable
properties as a result of decreasing the amount of carrier
material (Avicel pH 102) and coating material (Aerosil 200) in

Table 5: Flow property evaluation studies
Formulation
no.

Angle of repose

Bulk density
(gm/cm3)

Taped density
(gm/cm3)

hausnr΄s ratio ±S.D*.

LS-1
LS-2
LS-3
LS-4
LS-5
LS-6
LS-7
LS-8
LS-9
LS-10
LS-11
LS-12
SDPVP-4
DCT

35.61
34.5
33.2
32.05
41.2
38.1
35.94
34.4
41.8
41.4
38.4
35.4
33.08
34.7

0.368
0.357
0.384
0.396
0.342
0.347
0.362
0.357
0.337
0.333
0.357
0.367
0.361
0.403

0.439
0.416
0.446
0.454
0.438
0.409
0.438
0.416
0.446
0.431
0.454
0.446
0.437
0.471

1.119±0.012
1.116±0.011
1.161±0.02
1.146±0.013
1.128±0.01
1.178±0.01
1.209±0.015
1.165±0.01
1.323±0.026
1.294±0.016
1.271±0.023
1.215±0.01
1.159±0.01
1.168±0.012

carr΄scomprassibility index(%)±S.D*.
16.25±0.352
14.34±0.413
13.99±0.304
12.8±0.276
22.05±0.334
15.38±0.198
17.48±0.576
14.34±0.422
24.53±0.352
22.7±0.573
21.48±0.422
17.83±0.327
13.96±0.285
14.51±0.454

S.D*: standard deviation from mean.n=3

Table 6: Saturation Solubility of Candesartan Cilexetil in Phosphate Buffer (pH 6.8) ± S.D
Solid dispersion

Solubility(mgl/ml) ±S.D*

Physical mixture

Solubility(mg/ml) ±S.D*

SDPVP-1

0.11±0.02

PMPVP-1

0.0351±0.0012

SDPVP-2

0.151±0.018

PMPVP-2

0.0376±0.0015

SDPVP-3

0.347±0.043

PMPVP-3

0.041±0.0022

SDPVP-4

0.398±0.018

PMPVP-4

0.0442±0.0016

SDPVP-5

0.373±0.027

PMPVP-5

0.0441±0.0038

SDPEG-1

0.048±0.0019

PMPEG-1

0.032±0.0026

SDPEG-2

0.11±0.0044

PMPEG-2

0.034±0.0032

SDPEG-3

0.169±0.026

PMPEG-3

0.0354±0.0017

SDPEG-4

0.196±0.031

PMPEG-4

0.0361±0.0014

SDPEG-5

0.223±0.024

PMPEG-5

0.0372±0.0017

Pure drug

0.0292±0.0018

Pure drug

0.0292±0.0018

S.D*: standard deviation from mean.n=3
Content Uniformity of CC Solid Dispersions and Physical Mixtures.
The content uniformity of CC solid dispersions and physical mixtures were demonstrated in table (7).
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Table 7: Candesartan Cilexetil Content of Solid Dispersion and Physical Mixture Powder
Solid dispersion

Content(%)*

Physical mixture

Content(%)*

SDPVP-1
SDPVP-2
SDPVP-3
SDPVP-4
SDPVP-5
SDPEG-1
SDPEG-2
SDPEG-3
SDPEG-4
SDPEG-5

98.52±1.2
97.89±1.4
99.73±2.3
100.07±1.8
98.47±2.3
99.86±1.8
98.82±2.2
96.85±2.6
95.37±2.4
97.74±1.3

PMPVP-1
PMPVP-2
PMPVP-3
PMPVP-4
PMPVP-5
PMPEG-1
PMPEG-2
PMPEG-3
PMPEG-4
PMPEG-5

94.35±2.6
100.3±1.6
96.86±2.3
99.04±1.7
95.8±2.3
96.14±1.7
96.07±1.6
97.1±2.3
98.15±1.6
92.49±2.2

S.D*: standard deviation from mean.n=3

Dissolution enhancement by physical mixing with different carriers
as compared to pure drug can be explained by increased solubility
and surface area of the drug that comes in contact with the
dissolution medium as the carrier dissolves. This might be due to the
surface tension lowering effect of the polymers, resulting in the
enhanced wettability of the hydrophobic drug having crystalline
surface [35].
Precompression Studies of the Prepared Liquisolid Systems and Solid
Dispersion Powder (SDPVP-4)
FT-IR Study
The spectra of pure drug Candesartan (figure 1) show characteristic
absorption peaks as demonstrated in table (8). These peaks are
present in IR scan of liquisolid physical mixture (figure 2)and solid
dispersion physical mixture (figure 3) so it confirms that, presence of
undisturbed drug in the formulations. However, the retention times
of the drug solubilized in various excipients was similar to that of
pure drug chromatograms. Hence, there are no drug-excipient
interactions [36].
Table 8: Funactional Groups and Characteristic IR Peaks of
Candesartan Cilexetil
Functional group

Aromatic C-H Stretching
– C=O Stretching
‒C–O Stretching
O-Subistitution
C-N Stretching

Characteristic peaks of drug
candesartan cilexetil observed in
IR region(cm-1)
2850-2950
1700-1750
1200-1250
700-750
1600-1650

Fig. 2: FT-IR spectrum of candesartan cilexetilliquisolid physical
mixture
Candesartan cilexetil peak was clear in its DSC thermogram(figure 4)
demonstrating a sharp characteristic endothermic peak around its
melting point; such sharp endothermic peak signifies that CC used is
in pure crystalline state [37].
The DSC thermograms of liquisolid physical mixture and solid dispersion
physical mixture(figure 5)and(figure 6) respectively, isshowed
characteristic endothermic peak of CC, the characteristic endothermic
peak corresponding to drug melting point was appeared with reduced
intensity, in both physical mixtures. This may be attributed to uniform
distribution of drug in the crust of Polymer or excipients, resulting in
complete miscibility of molten drug in polymer [38].

Fig. 3: FT-IR spectrum of candesartan cilexetil Solid dispersion
Differential Scanning Calorimeter Study

Fig. 1: FT-IR spectrum of pure candesartan cilexetil

On the other hand, the liquisolid systems thermogram and solid
dispersion
thermogram(figure
6and
7)respectively,
appearedcomplete disappearance of characteristic peak of CC; a fact
that agrees with the formation of drug solution in the liquisolid
powdered system, i.e., the drug was molecularly dispersed within the
solid dispersion and liquisolid matrix.
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-10.00
100.00

200.00
Temp [C]

100.00

Fig. 4: Differential Scanning Calorimetry thermogram of
candesartan cilexetil

200.00
Temp [C]

300.00

Fig. 8: Differential Scanning Calorimetry thermogram of solid
dispersion selected formula (SDPVP-4)
X-ray Diffraction (XRD)

DSC
mW
0.00

-2.00

-4.00

-6.00
100.00

200.00
Temp [C]

300.00

Fig. 5: Differential Scanning Calorimetry thermogram of physical
mixture of liquisolid system

DSC
mW

0.00

-5.00

-10.00

100.00

200.00
Temp [C]

300.00

Pure CC showed numerous characteristic sharp and intense peaks
(figure 9), suggesting that the drug is present as a crystalline
state. The XRD pattern of CC liquisolid compact and solid
dispersion using PVP K 30 indicatedthat most characteristics
peaks shown by pure CC were absent and others were appeared
with the markedly reduced intensity. Meanwhile, in LS physical
mixture and solid dispersion physical mixture, the diffraction
peaks were observed with reduction of intensity than that of pure
CC, these observed peaks demonstrating that its crystalline
structure remained unchanged after the physical mixing and
direct compression [39].
The liquisolid powder X-ray diffraction pattern in (figure 12) and
solid dispersion powder X-ray diffraction pattern (figure 13)
showed only one sharp diffraction peak belonging to Avicel PH
102 (figure 14), indicating that only Avicel PH 102maintained its
crystalline state [40].
The complete disappearance of diffraction peaks in CC LS powder
and solid dispersion indicates that CC has almost entirely converted
from crystalline to amorphous or solubilized form, such lack of
crystallinity in the liquisolid system was understood to be as a result
of CC solubilization in the liquid vehicle that was absorbed into and
adsorbed onto the carrier material (Avicel PH 102) and coated with
the coating (Aerosil 200); i.e., this X-ray data supported the
conclusion that the CC formed a solid solution within the carrier
matrix [41]. The amorphization or solubilization CC in the liquisolid
system may be contributed to the consequent improvement in the
dissolution rate, apparent solubility and therefore the bioavailability
CC. Such results are in agreement with Mura et al. [42]and
Ghebremeskel et al. [43].

Fig. 6: Differential Scanning Calorimetry thermogram of direct
compressible tablet
DSC
mW
0.00

-1.00

-2.00

-3.00
100.00

Temp [C]

200.00

Fig. 7: Differential Scanning Calorimetry thermogram of
liquisolid powder of candesartan cilexetil

Fig. 9: X-ray diffraction of pure candesartan cilexetil
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Fig. 13: X-ray diffraction of candesartan cilexetil solid dispersion

Fig. 10: X-ray diffraction of liquisolid physical mixture

Fig. 14: X-ray diffraction of microcrystalline cellulose(Avicel pH
102)
Evaluation of Candesartan CilexetiLiquisolid, SDPVP-4 and Plain
Tablets
Fig. 11: X-ray diffraction of solid dispersion physical mixture

Hardness Test
Hardness of the prepared tablets of all formulationsarewithin the
acceptable limit. Hardness of tablets prepared by direct compression
was found to be from 5.04 to 6.7 kg/cm2 as shown in table (9)
Friability Test

Fig. 12: X-ray diffraction of liquisolid powder

All CC liquisolid and solid dispersion tablets had acceptable
friability as none of the tested formulas exceeded 1% loss in
tablet weight as shown in table (9), also, no tablet was cracked,
split or broken in either formulation. Since all the prepared
formulas met the standard friability criteria, they are expected to
show acceptable durability and withstand abrasion in handling,
packaging and shipment [44].

Table 9: The Hardness, Drug Content, Disintegration Time and Friability of LS,SDPVP-4,DCT, and Marketed Tablets
Formulation
no.
LS-1
LS-2
LS-3
LS-4
LS-5
LS-6
LS-7
LS-8
LS-9
LS-10
LS-11
LS-12
SDPVP-4
DCT
Marketed

Hardness(Kg) ±S.D*

Drug content(%) ±S.D*.

Disintegration time ±S.D*.

% Friability

6.23±0.32
5.95±0.21
6.14±0.37
6.7±0.24
5.14±0.26
5.62±0.13
6.38±0.31
6.24±0.47
5.04±0.18
5.41±0.33
5.89±0.39
6.53±0.22
6.08±0.35
6.33±0.27
6.8±0.35

100.72±1.2
99.03±1.5
100.68±1.2
101.06±1.1
98.08±1.8
96.57±1.6
99.14±2.3
98.72±1.8
93.88±2.8
95.64±2.2
94.73±2.6
95.32±1.7
100.31±1.4
95.04±2.6
96.24±2.1

230±7.4
160±4.6
115±5
74.5±6
270±5.5
247±4
183±5
130±6.5
285±8
280±7
243±9
113±5
70.6±5
287±10
294.5±5

0.22
0.42
0.51
0.39
0.23
0.37
0.47
0.28
0.09
0.17
0.17
0.2
0.21
0.42
0.13

S.D*: standard deviation from mean.n=3Comparison of the Dissolution Data of LS (LS-4), DCT, SDPVP-4 and Marketed Tablets
Disintegration Time
The disintegration time for the prepared CC liquisolid tablets and
SDPVP-4 shown in table (9). It was found that, the mean of the

disintegration times for all investigated tablets wasless than 5
minutes, which fulfill the Pharmacopoeialrequirements. SDPVP-4
and LS-4 gaveshort disintegration time 70.6, 74.5 sec;
respectively. While LS-9 and LS-10 had the slowest disintegration
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time that equal to 285 second and 280 second; respectively.These
results can be explained as increasing the amount of liquid used
in formulas with short disintegration time and significantly
increased wetting properties and surface area of the drug and
increasing the availability of the drug to be easily disintegrated
from its solution or suspension, and this subsequently; decrease
the disintegration time of the tablets. Also due to high Avicel pH
102
content
where
Avicel
PH
102
functions
as
swellabledisintegrant[45]. In addition, the highly hydrophilic
characteristic of Avicel PH 102 and polyvinylpyrrolidone could
increase the wetting of CC and this subsequently, lead tablet to be
disintegrated quickly and decreased the disintegration time of the
tablets [46].

profiles than other formulations prepared by solid dispersion (solid
dispersion of candesartan cilexetil with polyvinylpyrrolidon k-30 in
1:7 ratio), direct compression tablet, and marketed tablet.The overall
rank order given for the various formulations when compared to
marketed tablet and DCT was LS-4> SDPVP-4> marketed> DCT. In
conclusion it can be stated that the objective of the study was
achieved in improving the solubility of the Candesartan cilexetil
using liquisolid technology in comparison to traditional solid
dispersion method.

Uniformity of dosage units
20-min drug release %

120

Table (9) shows that, all the prepared CC liquisolid tablet complied
with USP specification which is 90-101% of CC content in each
individual tablet indicating that the processing method was
convenience[47].
The comparison between the dissolution rate of drug was carried out
between LS (LS-4), DCT, SDPVP-4 and marketed tablets to determine
the optimized formulation. The mean percentages of drug released
from LS-4, SDPVP-4, DCT and marketed tablets after 20 min were
87.72%, 78.26, 27.9%, and 31.47%; respectively in HCL medium (pH
1.2) with 0.35% of polysorbate20 as shown in figure (4).
In buffer medium (pH 6.8) with 0.35% of polysorbate20, the
mean percentages of drug released from LS-4, SDPVP-4, DCT, and
marketed tablet were 99.8%, 92.7, 52.79%, 64.25%; respectively
as shown in figure (5). Figures(6) and (7) depicts the
comparative drug release of marketed, DCT, and optimized
formulation of LS- 4 and SDPVP-4 in HCL solution (pH 1.2) with
0.35% polysorbate20, and phosphate buffer solution (pH 6.8)
contain 0.35% of polysorbate20, thus the increased dissolution
rate was found to be for the LS-4, this might be due to the highest
solubility of the drug in polyethylene glycol [48], and also may be
due to the increased wettability of the drug molecules, and also
the carrier coating material ratio (25:1) may be a reason as they
adsorb the drug molecules and thus they make the drug exposed
to the dissolution media[49]. The overall rank order given for the
various formulations when compared with marketed and direct
compression tablets was:
LS-4> SDPVP-4>Marketed > DCT tablets.

92.7

64.2
52.79

80
60

LS-4
SDPVP-4

40

DCT

20
Marketed

Fig. 5: Comparison of the 20-min dissolution of CC exhibited
by liquisolid compacts (LS-4), SDPVP-4, directly compressed
tablets (DCT) and marketed tablet in phosphate buffer
dissolution medium (pH 6.8) with 0.35%polysorbate 20 at
37 °C.

DCT

120
100

markete
d tab.

80
60

SDPVP-4

40
20

LS F4

0

Candesartan cilexetil being a poorly water soluble drug can be
made to provide a better therapy if drug is released effectively
and this is achieved by formulating drug as liquisolid compact or
solid dispersion tablet which was the rationale of the present
study.

86.91
78.26

0
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40

50

60

Fig. 6: Comparative dissolution profile of candesartan cilexetil
marketing, DCT, solid dispersion(SDPVP-4) and liquisolid
Tablets in HCL dissolution medium (pH 1.2) with 0.35%
polysorbate 20 at 37 °C.

Medium:- HCL
(pH1.2)solutoin(contain

80
LS-4

60
40
20
0

27.98

31.47
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120
100

SDPVP-4
DCT
Marketed

Fig. 4: Comparison of the 20-min dissolution of CC exhibited by
liquisolid compacts (LS-4), SDPVP-4, directly compressed tablets
(DCT) and marketed tablet in HCL dissolution medium (pH 1.2)
with 0.35% polysorbate 20 at 37 °C.
Results proved that LS formulation of Candesartan cilexetil
(liquisolid tablet formula 4, LS-4) displayed higher dissolution

%of drug release

20-min drug release %

100

Medium:- Buffer solutoin
(pH 6.8)contain 0.35%
polysorbate 20

0

CONCLUSION

100

99.8

DCT
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20
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0
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20
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Fig. 7: Comparative dissolution profile of candesartan cilexetil
marketed, DCT, solid dispersion (SDPVP-4) and liquisolid
tablets inphosphate buffer dissolution medium (pH 6.8) with
0.35% polysorbate 20 at 37 °C.
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